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I. INTRODUCTION 
Since Rutherford's a-particle scattering experiment revealed the exis­
tence of the atomic nucleus, investigation of nuclear structure has been one of 
the major frontiers of modem physics. Advances in our understanding have 
been achieved by using a wide variety of hadronic and leptonic probes. Lep-
tons, especially electrons and muons, are favored probes for certain features 
of nuclear structure because they interact through the well understood elec­
tromagnetic interaction and are sufficiently weak probes that the one photon 
exchange impulse approximation can be assumed. The focus of this work is 
on lepton inclusive scattering from nuclei where, for an unpolarized beam of 
a given energy, only the laboratory energy loss and scattering angle of the 
scattered lepton are measured. 
As the lepton approaches the nucleus, whether it feels the nucleus is 
pointlike or not depends upon the kinematic variables of the exchanged vir­
tual photon. These variables can be chosen as and i/, the negative 4-
momentum transfer squared and energy transfer measured in the laboratory 
frame, respectively. If Ç' «tc (27r/d)', that is the de Broglie wavelength of 
the photon {2ir/Q) is much greater than the transverse size of the target <2, 
2 
the target will appear as a structureless particle. In this discussion the "tar­
get" can actually be either the nucleus itself {d ~ several fm) or one of its 
constituent nucléons (<f 1 fm). Next consider the behavior of the target 
structure function defined as the ratio of the inclusive cross section to the 
cross section for a pointlike system with the same charge, the Mott cross sec­
tion. When a 2mv (2t/(2)', with m signifying the associated target 
mass, the target structure function depends dominantly on the ratio Q^/2mv 
with only a weak dependence on Q^. This phenomenon is called "scaling" 
and corresponds to the fact that the scattering center exhibits only its struc­
tureless or pointlike nature. When Q'is comparable with (2)r/(2)', the scaling 
feature breaks down; the target is no longer seen as pointlike. This is called 
"scale breaking". Therefore, if we investigate the nuclear structure function 
with increasing and %/, we would see the structure function scales (nu­
cleus is pointlike (27r/d^ue{mM)')) scale breaks (nucleus has structure 
Ç' ~ (2îr/(4»uei«M*)'), and re-scales (nucléon is pointlike < (2;r/<4.uc(eem)'), 
scale breaks (nucléon has structure ~ (2ir/dnWwn)'),.. .and so on [Figs. 
1,2]^. It is currently an open question where these succeeding layers of struc­
ture terminate. 
QÂr+1 > Q\t 
Qjf+2 > Qtf+i 
Fig. 1: Successive layers of the nuclear structure are revealed as re­
solution improves. If iV is standing for the nucleus layer, iNT+l 
will be for the nudeon layer, and N+2 for the quark layer 
4 
high Q 
1/3 X = A X = 1 X 
Fig. 2: The inclusive cross section of lepton-nucleus scattering peaks at different 
X = Q^flmv as increases and the resolution improves, which indicates 
a deeper substructure of a nucleus. E' and 0 specify the laboratory final 
energy and angle of the scattered lepton, respectively. For the purpose of 
this figure m is the nucléon mass. The dashed lines trace the schematic 
behavior of the elastic nuclear cross section {x = i4), the quasi-elastic 
nucléon cross section (z = 1), and the deep inelastic cross section (s = 1/3) 
as a function of increasing 
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Now consider a nuclear system of mass M Sf i4m, composed of nucléons 
which are composed of massless quarks and gluons. Here A is the baryon 
number of the system, and m is nudeon mass. The purpose of this work is to 
use the inelastic lepton scattering to explore the degree to which the nudear 
hadronic environment affects the quark structure of the nudeons. According 
to the preceding remarks we shall concentrate on data for which GeV* 
and GeV. 
It is convenient to begin with the nonperturbative paxton model for 
a nudeon which assumes that for a parton (i.e., quark for our purpose) off 
its mass shell, the parton-parton scattering amplitude goes rapidly to zero. 
In this model photoproduction total cross sections are evaluated by taking 
the imapnary part of the forward Compton amplitude'. The leading terms 
are the ''handbag" and "cat's ears" diagrams [Fig. 3]^. If the nudeus has 
an arbitrary number N of partons in it, the idea of this model is to include 
all iV — 1 partons and all the interactions among them in a black box, like 
the blobs in Fig. 3. The important physics will lie with the parton(s) which 
interacts in an assumed quasi-free manner with external photons. If a high-
energy photon hits a parton, then the parton in the handbag diagram has to 
6 
(») 
(b) 
Fig. 3: The leading diagrams in the nonperturbative parton model — 
(a) is the ''hangbag" diagram, which dominates in the quark 
scaling regime; (b) is the ''cat's ears" diagram 
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caxty this "mass" through until the final photon can take it away. Namely the 
parton is far off-shell after bâng hit by the first incoming "heavy" photon. 
According to the dynamical assumption, if the struck parton enters the blob 
to interact with one of the partons inside as in the eat's ears diagram, then 
the amplitude vanishes quickly with increasing photon "mass". The way to 
avoid a rapidly diminishing contribution is to have the struck parton flow 
across the top of the blob until hitting the final photon. This is equivalent 
to assuming that the handbag diagram dominates the cat's ears diagram at 
large (Q' ^ IGeV^yi/ > IGeV), in the quark scaling regime. 
Since there is currently no quantitatively accurate many body theory 
of nuclei, it is best to start with the simplest nucleus whose properties can 
be evaluated exactly for a given nucleon-nucleon interaction. The deuteron, 
composed of one proton and one neutron, is the simplest stable nucleus for 
which one can study the role of intemucleonic degrees of freedom. In spite of 
several decades of extensive experimental and theoretical works, the nucleon-
nucleon interaction is still not fully understood. Good approximations, how­
ever, have given high quality fits to nucleon-nucleon scattering data and 
deuteron properties. Wavefunctions of the Reid soft core (RSC) potential^ 
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or Bonn potential', for instance, accurately reflect the phase shifts and the 
deuteron observables. These two parameterizations will be compared in more 
detail in Chapter II. One of the major goals of this thesis will be to exhibit the 
degree of sensitivity of high energy lepton-nucleus scattering cross sections 
to uncertainties in the properties of the deuteron. Another goal will be to 
explore the degree of admissible exotic structure components in the deuteron 
— especially the speculated six quark cluster component. 
The deuteron has many simple features, such as weak binding energy, 
2.23 MeVy large root mean square radius, 2 /m, and a well measured 
quadrupole moment, Qi = 0.286/m', indicating a small D-state admixture 
in the ground state. Since it is weakly bound and diffuse, final state inter­
actions should be at a minimum. In other words, the plane wave impulse 
approximation should be valid in the kinematic region we address. Deu­
terium has long been a favored target for experimentalists since one trusts 
that the nuclear physics is sufficiently well known to extract neutron proper­
ties from deuterium data by "subtracting" or "unfolding" the proton contri­
bution. The existing lepton inclusive scattering data from deuterium cover 
the widest kinematic range in x for any A>2 target. The range of data we 
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address here is exhibited in Fig. 4 by a point in the (Q', 2mv) plane for each 
measurement of the cross section*'^*. These data have not been studied in the 
literature for the goals I have listed. The data in the region 1 < x < 2 will 
be of major importance to the goals of this work. By analyzing these data, 
and comparing to the predictions based on the above mentioned "exact" 
nonrelativistic wavefunctions, RSG and Bonn, I will extract clues as to how 
the quark structure of nucléons is modified in a deuterium nucleus. 
The inclusive electron-deuteron double differential cross section in the 
laboratory frame based on "conventional" nuclear physics will be calculated 
in Chapters II and III. Some parameterizations of the nucléon elastic form 
factors and the deuteron wavefunctions which are needed in calculating quasi-
elastic cross sections are presented and compared in Chapter II. The quasi-
elastic nucléon knockout contribution is evaluated in Chapter II while the 
inelastic cross section (mesons produced in the final state) including smear­
ing effects is evaluated in Chapter III. Parameterizations of free nucléon 
inelastic structure functions are also studied in Chapter III. In Chapter IV, 
the assumptions of the Quark Cluster Model (QCM) are given. The magni­
tude of the 6-quark cluster configuration in the deuterium nucleus is extracted 
10 
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10 12 
Fig. 4: The inclusive election scattering data ùom deuterium analyzed 
in this work cover the widest range of the kinematic variable x 
among those from A >2 targets. The solid and dashed lines sig­
nify X = 1 and X = 2 respectively 
11 
by comparing the deuterium data with the results from conventional nuclear 
physics augmented by the QCM. In Chapter V, a conclusion is drawn that 
the most precise determination of the critical radius for cluster formation, 
Rc ~ 0.5/m, within the framework of the QCM is obtained. 
12 
n. CONVENTIONAL NUCLEAR PHYSICS — THE 
QUASI-ELASTIC ELECTRON-DEUTERON CROSS SECTION 
A full calculation of the double differential cross section for quasi-elastic 
election-deuteron scattering will be presented in this chapter. The quasi-
elastic process is defined by having the photon absorbed on a nucléon in the 
deuteron leading to a final state consisting of only two nudeons. Two major 
ingredients must be studied carefully first: the nucléon elastic form factors 
and the deuteron wavefunctions. The elastic on-shell nucléon scattering wiU 
be discussed next, and the wavefunctions with some associated properties 
of the deuteron based on the RSC and Bonn potentials will be compared 
afterwards. Finally the full expression of the quasi-elastic cross section will 
be formulated, and comparisons with data will be presented. 
Now consider an electron scattered from a free nucléon. In models 
where the nucléon is a Dirac particle interacting with meson fields^, the 
leading Feymnan diagrams for the elastic scattering amplitude are given in 
Fig. 5. These diagrams include a Dirac nucléon electromagnetic vertex and 
two leading corrections^ involving one meson in the intermediate state. A 
detailed discussion can be found in Ref. 7 or other quantum field theory 
13 
electron (a) nucléon 
nucléon nucléon 
Fig. 5: Feynman diagrams for the elastic electron-nucleon scattering — 
(a) is the electromagnetic vertex; (b) and (c) are the leading 
corrections contributing to the nucléon form factors 
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textbooks. Such models motivate the phenomenolopcal form factors used to 
describe nucléon data. The total nucléon current and the differential cross 
section are given as 
efi(p')r^(p', A)u(A) = cfi(p')[7pFi(Q') + ^•^^F2{Q^)]u{k) (2.1) 
and 
^ "  Iv*. -  Vk\E Eh E'Ep.  +  ^ -K-  /), (2-2) 
where 
1^1' = Ï E |s(i:.s:>r'''(t..s.)^(j''.s')r.»(*,s)|». (2.3) 
«pîfM 9 
In the above expressions, the electrons are characterized by 4-momentum 
spin 5e and Dirac spinor u(fce,5e) before scattering and 5^ and u{kg,Sl) 
after. Meanwhile the nucléons are characterized by k, S and «(&, S) initially 
and y, 5' and u(p', 5') finally. The associated quantities E are the zeroth 
(time-like) component of the corresponding 4-momenta, while the 3-momenta 
are signified by the same characters as their corresponding 4-momenta but 
with arrows above them (e.g., Ek is the zeroth component, and k is the 
3-vector corresponding to the 4-vector &), except E and E'  signifying the 
zeroth component of 4-vectors k, and respectively. The 4-vector q = 
15 
k^ — k[ = jf — his the 4-momentum transfer carried by the virtual photon 
w i t h  t i m e - l i k e  c o m p o n e n t  u  a n d  3 - v e c t o r  q .  A g a i n  =  — q ^  =  — T h e  
quantities 7^ and are Oirac matrices, m here is fixed as the nucléon mass 
(rw 0.939 GeV) and e represents the amount of electric charge carried by an 
electron. The vectors and signify the velocities of the incident electron 
and the initial nucléon in the laboratory frame, respectively. Finally and 
F2 denote the invariant functions specifying the nucléon structure, and 
F2 are known as Dirac and Paul! form factors, respectively, with limiting 
values Fx{Q^ = 0) = 1, = 0) = 1.79 for the proton and fi(0) = 0, 
^3(0) = —1.91 for the neutron. Alternatively one can define Sachs electric 
and magnetic form factors as 
with limiting values 0^(0) = 1, Gjf (0) = 2.79 for the proton and Gg(0) = 0, 
(2.4) 
Gii = + fjj. (2.5) 
^tf(O) = —1.91 for the neutron. After some manipulation, one can obtain 
the differential elastic cross section 
m  =  ®  f  k ' + 1 1  •  M  
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Alternatively we can write 
where 
cos' f 
Q~* (2.8) 
is the Mott cross section with a = e'/ftc âf 1/137 representing the fine-
structure constant. Note that the initial nucléon is on-shell, so that the 
Bjorken variable z = Q^/2mu = 1, as a consequence of the delta function in 
Equation (2.2), and the result in Equation (2.7) agrees with the result quoted 
in Ref. 1. However, in the quasi-elastic nucléon knockout process with the 
neglect of final state interactions, the nucleus is viewed as a combination of 
an off-shell nucléon absorbing the photon and an on-shell spectator nucleus*. 
For this off-shell nucléon, the delta function allows x to deviate from unity 
in which case the cross section is expressed as 
This expression will be used directly in evaluation of the quasi-elastic cross 
section. 
Now the focus is naturally on the form factors where all the intrinsic 
17 
structure information is contained. After decades of investigation, the nu­
cléon form factors are still not free of ambiguity. The easting models are 
primarily based on the vector dominance model (VDM)' which itself ap­
proximates the Feynman graphs depicted in Fig. 5 with a class of mesons 
incorporated into intermediate states. Since the known mesons are not suf­
ficient to account for all features of the data, some additional mesons are 
usually assumed in these models. Three of the more popular parameteriza-
tions will be compared here: Blatnik and Zovko Hohler et of. (H)^^ 
and Gari and Krûmpelmann (GK)^'. 
The analytic properties and the asymptotic constraint require that any 
Sachs form factor G satisfy 
Q'G(Q') 0. (2.10) 
In the framework of BZ's extended VDM, this requires the existence of at 
least three isoscalar and three isovector mesons^^. Therefore a minimal num­
ber of six mesons and p,p',p" are used in their model, and the re­
sulting parameterizations are 
«"{Ç»), (2.11) 
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Oum = + 
± (2.12) 
where the signs + and — correspond to the proton and the neutron, respec­
tively. The R& are defined as 
«"(«') = [(i + %)(i + (i + ;%:)] • (: ") 
The constants 6^, 6^, m'l and axe adjusted to fit elastic differential cross 
sections. Meanwhile the quantities and are so chosen that the nucléon 
magnetic moments/ip = l + /i®+/i'' =2.7927 and /f» = — = -1.9131. 
The numerical values of the parameters mentioned above and known meson 
masses used here are listed in Table 1. 
The philosophy of H's model is similar. The main difference, however, 
is the treatment of /^meson contributions. They are taken from an evaluation 
of the unitarity condition^*, as opposed to fits of the form factor data. The 
p contributions are given in H as 
= + (2.15) 
 ^ 0.638 
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Table 1: The numerical values of the constants used 
in the BZ parameterization 
Isoscalai Isovector 
flS,V 
—0.0602 1.8529 
(GeV-») 
-0.91 -1.10 
">(1) (w) ( P )  
(GeV^) 0.614 0.585 
mf,) (# (/) 
(GeV) 1.039 1.30 
"*?3) M (P") 
(Gey:) 1.40 2.10 
20 
= (2.16) 
The ansatz used for fitting to elastic ep-scattering cross sections are 
W) = C") 
+ + ("«) 
where the ai(V)'s and the my's are adjustable parameters. Their procedure 
is not to vary all parameters simultaneously but to fix the majority at what 
they feel are reasonable values. They vary 3 to 5 parameters and the normal­
ization factor for each data set to obtain 8 sets of fits. Fit "5.3" is their best 
fit to the overall ep scattering data. The numerical values quoted in Ref. 11 
for this fit are listed in the first 2 colunms of Table 2. However, when using 
these parameter values in calculations, I found that they do not reproduce 
the figures given in their orignal article. I was able to demonstrate sufiicient 
sensitivity of the results to the parameter values that I could conclude they 
probably did not publish enough significant figures. Additional discussion 
with other authors^", and efforts to acquire computer listings from Holder's 
group, proved that this was, indeed, the case. The "actual" numerical values 
21 
Table 2: The numerical values of the constants foi Fit 
"5.3" for the proton in the H parameterization 
(m„ = 0.783 GcV) 
quoted "actual" 
W»(<) 
{GeV) 
oi.a(*) 
(Gey:) 
"»W 
(CeV) 
«i,a(0 
(GeV) 
0.67 0.67049 
0.96 —0.39 0.95739 -0.38486 
1.66 -0.54 1.65977 -0.54157 
0.04 niu 0.03739 
n 1.14 -1.88 1.14301 -1.88249 
3.19 0.24 3.18495 0.23686 
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for those parameters necessary to reproduce the published graphs of H are 
listed in the last 2 columns of Table 2. 
Now by subtracting the ep cross sections obtained above from electron-
deuteron scattering (elastic and quasi-elastic) data, en cross sections and 
neutron form factors were derived. Note that there is considerable subtlety 
here regarding the fact that the elastic neutron form factors are obtained 
from the same deuteron data which we are examining for possible exotic six-
quark cluster effects. One way to look at this subtlety is to say that finding 
such effects will be all the more difficult since some of the signatures may 
already be buried in the parameterization of the neutron form factors. There 
is hope, however, since only the dependent effects are potentially ''lost" 
by this procedure. The x-dependent signatures should remain. We return 
to this subtlety in the conclusion where we suggest future work to "self-
consistently" determine neutron and deuteron internal structures. Within 
the H model the isoscalar and the isovector form factors have the following 
forms: 
W) = (2-2») 
yi iny, -f- Y 
23 
where j = 1 or 2, and are given by Equations (2.15,16). Again, aj(V)'s 
and mv's are adjustable parameters. The neutron form factors are the com­
binations of the above and F^: 
F p  =  F f -  F Y .  (2.21) 
Again, the numerical values quoted^^ also did not have enough significant 
figures. The numbers for Fit "8.2" from Ref. 11 are listed in the first 3 
columns, and the "actual" numbers are listed in the last 3 columns of Table 
3. We can see that there are up to 7 mesons assumed in H's model for 
a nucléon form factor. Of those employed w and p are fixed for both the 
proton and neutron, and <f> is fixed only for the neutron. 
It has been pointed that in the VDM models the form factors exhibit 
an asymptotic behavior of 1/Q^ which contradicts the predictions from 
the perturbative quantum chromodynamics (QGD)^' that the asymptotic 
behavior for the Dirac type form factors Fi is 1/Q* and for the Pauli type 
form factors F2 is 1/Q*. To cure this problem GK introduced their QCD-
vector meson model in which the meson dynamics is retained at low 
whereas the constraints from perturbative QCD quark dynamics is imposed 
at high Q^. Within this model the isoscalar and isovector form factors are 
24 
Table 3: The numerical values for the constants in Fit "8.2" for 
the neutron in the H parameterization (m» = 0.783 CreV; 
= 1.02 GeV) 
quoted "actual" 
wi(<) 
(GeK) (Gey:) (Gey:) 
m(i) 
{GeV) (Gey:) (Gey:) 
niu 0.71 -0.11 0.70924 -0.10748 
Ff -0.64 0.13 m* -0.64112 0.12576 
1.80 -0.13 —0.02 1.80174 -0.13093 -0.01828 
1.21 0.05 -1.99 1.21463 0.04638 -1.99345 
FY 2.45 -0.52 0.20 2.45016 -0.51478 0.19781 
2.95 0.28 0.19 2.94966 0.27528 0.18715 
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paiameterized as 
*?(«') = m*#.! rCw + (1 — Cw) 
.ml + Q' 
K,FiiQ') = 
'^vFW) = 
Fi 
W + Q' CwKw + (K, - Cm«W) 
[w»' + Q' C p K p  +  { K y  - Cp/Cp) 
F2 
F2, 
(2.22) 
(2.23) 
(2.24) 
(2.25) 
with 
Ft = _ ^2 
A? + <?»Ai + Qa' 
AÎ + Q» k + Ç»J ' 
(2.26) 
(2.27) 
and 
(lèr) A (xi^)-
The constants leading to a good description of the world proton form factor 
data are listed in Table 4. The proton and neutron form factors are the 
combinations of the and F^: 
= i [f/W) + ^?'(«')] (2.29) 
W') = 5 [/?(<?')-(2.30) 
W) = |M,W) + «vJ',''(«')] (2.31) 
f7(Q') = I KW) -'»v^î'(0] • (2.32) 
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Table 4: The constants used in GK parameterization 
Meson 
QCD 
Isoscalar Isovector 
m niu rrip 
ia,v) 0.784 0.776 
c 
0.411 
C/» 
0.377 
-
K 
Kg = —0.12 
Ku = 0.163 
Ky = 3.706 
Kp = 6.62 
A 
(GeV) 
Ai = 0.795 
A, = 2.27 
A.qcD — 0.29 
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Note that the ^meson gives no contribution to the nucléon form factors due 
to the Zweig rule based on the leading order quark dynamics that the ^meson 
does not couple to the nucléon. It is worth mentioning that when > 4m^ 
the neutron electric form factor dominates the magnetic one in this 
model; when < 4m' the magnetic form factor dominates the electric 
one. If the GK model is correct then the electric and magnetic contributions 
to the elastic neutron cross sections can in principle be separated in the 
> 1 GtV^ repon in future experiments. 
For a direct comparison the electric and magnetic form factors for the 
proton and neutron from the above mentioned parameterizations will be plot­
ted against separately in Figs. 6, 7, 8, and 9. In Ref. 12 (GK) a variety of 
data for the nucléon form factors were accumulated to compare with the the­
ory curves. Data for G% are understandably quite sparse. Overall agreement 
of the GK form factors with data was good and comparable to the agreement 
provided by the H proton form factor and BZ neutron form factor. The com­
bined choice of H proton form factor and BZ neutron form factor represents 
a sensible alternative to GK in this regime. We specify this combined 
choice by H/BZ and remark that this combination has been utilized in the 
literature^'. Generally speaking, however, we anticipate going to higher 
28 
1.1 
1.0 
0.9 
I  r  1  M  1 1 1  1  1  T T  1  1  1  1  j -  1  1 — 1 —  
dash = BZ -
dotdash = H 
solid = GK 
-
1  1  I . . I  1  1 1 1  1 .  1  1  1  1  M  1  1  1  I I  
0.05 0.1 0.5 1 
Q® [(GeV/c)®] 
Fig. 6: The proton magnetic form factor calculated from BZ, H and GK 
parameterizations the vertical axis stands for the magnetic form 
factor, (%, divided by the magnetic moment, Hp = (%(0), divided 
again by the dipole form. Go = 1/(1 + Q'/0.71)' 
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Fig. 7: The proton electric form factor calculated from BZ, H and GK 
parameterizations — the vertical axis stands for the electric form 
factor, 6%, divided by the dipole form, Go = 1/(1 + <?'/0.71)' 
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Fig. 8: The neutron magnetic form factor calculated from BZ, H and GK 
parameterization^ — the vertical axis stands for the magnetic form 
factor, divided by the magnetic moment, /x„ = (%(0), divided 
again by the dipole form. Go = 1/(1 + Q'/0.71)' 
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Fig. 9: The neutzon electric form factor calculated from BZ, H and GK 
parameterizations — the vertical axis stands for the electric form 
factor, CrJ, divided by the dipole form, Gd = 1/(1 + Ç'/0.71)' 
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and hence prefer GK, for it seems to be better founded on QCD. As seen 
from the above figures, we expect no significant difference between the two 
choices in the kinematic region ~ 5 GeV^. 
As mentioned above, the deuterium system is so weakly bound and so 
diffuse that nonrelativistic models should make good approximations to its 
(low energy) properties. First I compare the experimental results for the 
low energy properties with those calculated from the Bonn potential and 
RSC potential. Then we will analyze the Bonn and RSC deuteron wavefunc­
tions in more detail with a special emphasis on their detailed coordinate and 
momentum space properties. 
In Table 5 I list some basic properties of deuterium from experi-
ments^""'^ and calculated from both the Bonn" and RSC^ wavefunctions: 
the binding energy, E^; the D-state probability, Poi the electric quadrupole 
moment, the magnetic dipole moment, and the root mean square 
radius, r^. Keep in mind that the deuteron binding energy and quadrupole 
moment are data included in least square fits of free parameters in these 
nudeon-nucleon (N-N) potentials. Both the Bonn and RSC results agree 
with deuterium data reasonably well, though not always within experimental 
uncertainties. Some recent investigations''"'^ revealed that the Bonn inter-
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Table 5: Some pioperities of deuterium from experiments and 
calculations with the Bonn and the RSC potentials 
(quoted from Table 1 in Ref. 22)(the Pd values given 
in parentheses are the results of the actual calculation 
based on the parameters given in this section) 
exp."-" Bonn' RSC* 
Ei 
{ M e V )  
-2.224575(9) -2.22458 -2.2246 
PD 
(%) 
— 4.38(4.25) 6.47(6.48) 
Qd 
{fm") 
0.2859(3) 0.274 0.2796 
t^d 
M 
0.857406(1) 0.8548 — 
Td 
(/m) 
1.9560(68) 1.9684 1.9915 
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action provides a superior description of the A = 3 binding energy. 
The Reid soft core potential was introduced in the '608. Since then it 
has been widely used and preferred until very recently. The wavefunctions 
in the coordinate space can be parameterized conveniently as^ 
T 
%(r) = X)Ciexp(-air) (2.33) 
flsl 
T r 9 9 1 
(2.34) w(r) = ^Diexp{-fiir) i=l 1 + A+ ' 
where u and w are the S-state and D-state wavefunctions, respectively. The 
corresponding momentum space wavefunctions have the following forms: 
= 1;^ ?  ^
The constants in the above equations for RSC are shown in Table 6. Note that 
both the RSC and Bonn wavefunctions are normalized to unity according to 
the following expressions: 
jf [tt'(r) + w'(r)] dr = l (2.37) 
and 
+ = (2.38) 
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Table 6: The values of the parameters in the deuteron wave-
functions of the RSC model in both coordinate and 
momentum spaces 
Ci Oi 
ifm-') 
Di A 
(/m-i) 
1 0.877643 0.2316107 0.023018 0.2316107 
2 -3.750395 1.73708025 -0.9141718 1.2275367 
3 11.13044 2.20030165 1.974186 1.73708025 
4 -24.86643 3.0109391 -3.146011 2.20030165 
5 24.7337 4.1689926 4.08947 4.4006033 
6 -16.9614 6.948321 -5.919219 9.264428 
7 8.836453 8.1063745 3.98550 11.3489243 
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or 
J n{k)^k = 1, (2.39) 
where n{k) = 1/(2ir') » [^Q(&)+is the momentum distribution of a con­
stituent nudeon in the deuteron. Note that h is both the relative momentum 
in rdative-center of mass variables and the single-partide momentum in sin­
gle partide variables. 
On the other hand, the Bonn modd' is based on a serious attempt to 
implement a meson-exdiange theory of N-N forces induding the contributions 
of multi-meson exchange processes up to a total exchange mass of about 1 
GeV. Furthermore, only the "real" mesons, the mesons already known,'are 
included. The basic idea is to indude only nucléons, isobars and mesons in 
the dynamics of the N-N interaction, and to treat them on an equal footing. 
The meson retardation (recoil effect) is also taken into account. The resultant 
wavefunctions can be conveniently parameterized in a manner similar to those 
of the RSC: 
«(f) = C/exp(—m^r) (2.40) 
11 
I 
«=1 
w' (2.41) 
and 
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11 Cl M») = P-«) 
HV) = 1;;^. (2.43) 
The masses im are chosen to be = y/mEd + (t — l)mo, where mo = 
0.9/m~^ and i/mEï = 0.231609/m~^. The values of C- and 27- are given 
in Table 7. The boundary conditions tt(r) —» r and w(r) —• r® as r —» 0 lead 
to one constraint for C- and three constraints for Dj: 
10 
Cji = — Cj-, (2.44) j=i 
r; = a 1 
(2.45) 
(mJi - mg)(7nJo - mg) 
+(w»io + "»îi) E 
i=i 3=1 
and two equations deduced by circular permutation of 9,10,11 in Equation 
(2.45). 
Now we plot the RSC and Bonn deuteron S-state and D-state coor­
dinate space wavefunctions in Fig. 10 and in Fig. 11, respectively. Notice­
able differences between the RSC and Bonn wavefunctions start almost from 
the beginning in both S-state and D-state components. First of all there 
is a substantial short range enhancement on the Bonn S-state wavefunction 
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Table 7: The values of the coefficients in the deuteron 
wavefunctions of the Bonn model in both coor­
dinate and momentum spaces 
CI (/m-»/>) D'i (/m-V>) 
1 +0.90457337 +00 +0.24133026 -01 
2 -0.35058661 +00 -0.64430531 +00 
3 -0.17635927 +00 +0.51093352 +00 
4 -0.10418261 +02 -0.54419065 +01 
5 +0.45089439 +02 +0.15872034 +02 
6 -0.14861947 +03 -0.14742981 +02 
7 +0.31779642 +03 +0.44956539 +01 
8 -0.37496518 +03 +0.44956539 +01 
9 +0.22560032 +03 Eq. (2.45) 
10 -0.54858290 +02 Eq. (2.45) 
11 Eq. (2.44) Eq. (2.45) 
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Fig. 10: The deuteron S-state wavefunctions of the RSC potential (solid) 
and of the Bonn potential (dashes) 
40 
DWF: ®Di 
0.3 
0.2 
0.1 
0.0 
solid = RSC 
dash = BONN 
-0.1 
1.5 0 0.5 2 
r [fm] 
11: The deuteron D-state wavefunctions of the RSC potential (solid) 
and of the Bonn potential (dashes) 
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compared with the RSC in the r % 0.8 fm region. Secondly, a strong reduc­
tion on the Bonn D-state wavefunction against the RSC in the r 0.5 /m 
region reminds us that Bonn has a weaker D-state probability Pd- Indeed, 
based on the parameters given above, Pd is 6.48 % for the RSC and 4.25 
% for the Bonn ground state wavefunction (these two numbers were also 
quoted in parentheses in Table 5). Slight differences between our results for 
Pd and those quoted in the original papers reflect the small inaccuracies re­
sulting from the convenient parameterizations we have chosen and will not 
seriously affect any of our conclusions. We also present the nucléon momen­
tum distribution n{k) in the deuteron in Fig. 12 for both RSC and Bonn. For 
k ^ 0.25 GeV, the difference between the RSC and the Bonn distributions 
becomes apparent. They differ by more than a factor of 30 at & = 1 GeV. To 
» 
elucidate the origins of these differences Figs. 13 and 14 display separately the 
S-state and the D-state contributions to the total distribution in theJlSC and 
the Bonn cases. The S-state and D-state contributions to the total momen­
tum distribution are comparable around k = 0.25 GeV for both interactions. 
For 0.25 ^k ^ 0.60 GeV^ the D-state contribution dominates in both cases. 
For 0.60 1.0 GeV, the situation is more complex. In the case of Bonn 
the S- and D-state contribute comparably. On the other hand the S-state 
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solid = BONN 
dash = RSC 
3  
6 
0.25 0 0.5 0.75 1 
k [GeV] 
Fig. 12: The total momentum distribution of a single nucléon in a deute­
rium nucleus for the RSC potential (dashes) and for the Bonn 
potential (solid) 
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Fig. 13: The RSC momentum distribution of a single nucléon in a deuteri­
um nucleus (solid) and its S-state (short dashes) and D-state (long 
dashes) components 
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Fig. 14: The Bonn momentum distribution of a single nucléon in a deute­
rium nucleus (solid) and its S-state (short dashes) and D-state (long 
dashes) components 
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contribution is rising relative to the D-state contribution. The net result is 
that the RSC S-state contribution to its total at As = 1 GeV is nearly 100 
times the Bonn S-state contribution to its own total. Meanwhile the RSC 
D-state contribution at k = 1 GeV is about 20 times the D-state contribution 
from the Bonn. As I will show the data I address are sensitive to these details 
for k values approaching 1 GeV. One main point I wish to stress is that due 
to the importance of the D-state for momenta up to at least 1 GeV, one must 
go beyond this momentum to isolate the role of short range correlations. This 
is consistent with a naive picture based on the de Broglie relation where a 
momentum less than 1 GeV implies distance sensitivity greater than 1 fm. 
Another viewpoint would be to claim that the data I will discuss are very 
sensitive to the D-state component of the deuteron wavefunctions and to the 
role of intermediate range correlations. Depending on one's viewpoint one 
may imagine that with sufficient experimental results and further theoretical 
S 
work to study corrections to the model I use, inclusive lepton scattering on 
deuterium could be used to map out the tensor correlations. 
Now we are ready to calculate the electron quasi-elaistic cross section 
on deuterium. First of all, we need to construct a model for the quasi-elastic 
knockout process leading to two nucléons and the scattered electron alone in 
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the final state. The following assumptions are made in this model: 
• one-photon exchange between the electron and the bound nucléon 
• plane wave impulse approximation — on-shell form factor for the scat­
tered nucléon 
• absence of final state interactions (FSI) so the scattered nucléon is 
initially off-shell while the "spectator" nucléon is on shell. 
• The ground state nudeon three-momentum distribution is known. 
Then we define the kinematic variables in the deuteron rest (laboratory) 
frame as seen in Fig. 15. The conservation of energy and momentum requires 
that 
V 4" w*(i — Ek = Ep (2.46) 
q + ic=p. (2.47) 
Therefore, the double differential cross section can be written in a gen­
eral form 
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9 = (y, g) 
P = (md,0) 
k = {E,iê) 
E = wid — Ek 
y = (^p.p) = As + 9 
Ep = V»' + P ' 
k '  =  {Ek, -k)  
Ek = ^nHy+lë  ^
Fig. 15: The kinematic variables in the nucléon knockout process from 
a deuteron in the laboratory frame where q is the 4-momentum 
carried by the photon; P is the 4-momentum of the initial 
deuteron; k and ff, k' are the 4-momenta of the intermediate 
struck nudeon and the final nucléons, respectively 
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where vm is the Mott cross section given in Equation (2.8), and arc the 
nucléon elastic structure functions: 
Here Fi and are the Dirac and Pauli form factors for the struck nucléon. 
Note that the anomalous magnetic moment of the nudeon, commonly known 
as /c, is absorbed in the Pauli form factor F^ in my notation. The spinors 
have been normalized such that = 1. The conventions of Bjorken and 
Drell^ are followed. 
The above result holds for a proton or a neutron and has been obtained 
with an average over the nudeon spin. To finish embedding this in the 
deuteron in this simple approximation scheme we assume that the nudeon 
has a laboratory momentum distribution n(A) in the initial state given by 
either the RSC or Bonn model. By averapng over this initial state, we obtain 
where Cp and Cn are the nudeon dastic cross section given in Equation (2.9); 
n{k) is the nudeon momentum distribution in the deuteron given in Equa­
tion (2.39). It is important to note that a factor m/E has been absorbed 
(2.49) 
< = - +f,)' (2.50) 
dE'dSl 
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into n{k) by virtue of the normalization chosen. By utilizing the symmetry 
and the delta function the cross section can be reduced to a single dimensional 
integral. This results in 
dPar 
dE'dn 
m fhu 
= 2ir{orp + ®"n)T:;r n(k) k dk (2.52) 
with 
ku = 0 + 6, (2.53) 
kl = |o — 6| (2.54) 
where 
t/ + mi a = 
' (v + mt)'-\q\' 
(2.56) 
2 ^ 
I 
2 
For sufficiently large | the integral in Equation (2.52) becomes ap­
proximately a function of kl only. It comes as no surprise that kl is the 
same as the "y" variable chosen by some authors^'''*''' in analyzing data 
and other models. In particular one does not obtain factors such as duldk\\ 
or dvfdy which often appear in place of ra/\q \ in some author's expression 
for d^a/dE'dXl. 
Using both the RSC and Bonn momentum distribution of a nucléon in 
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deuterium for n(A;) and H/BZ nucléon form factors for Op, a-n, I calculate the 
quasi-elastic structure function VW2 which is defined as 
éP<r 
uWS-^ = (2.57) 
trjif dJS' dil 
For the definition (2.57) to be correct when considering experimental data, 
the data should be taken at sufficiently small scattering angles so that 2mWx 
can be neglected. The results compared with data which satisfy this condition 
at = 2.5, 4 and 8 GeV^ are presented in Figs. 16-21. The calculations are 
performed in two ways: 1) I use Q', 1/ values corresponding to each data point 
to calculate corresponding theory points which are then joined by a smooth 
curve. Where no data were available at high x the experimental configuration 
used to measure the highest x data point was employed and u was decreased 
with corresponding change in to complete the curves. 2) I use a fixed 
value and vary v with x. Both methods generate undistinguishable graphs 
from each other since the data cover such a small range in Ç' for each figure. 
The first major impression gained from Figs. 16-21 is that for all values 
of X > 1 data and for each wavefunction there is a substantial contribution 
from the quasi-elastic knockout process evaluated with this conventional nu­
clear model in the lowest order. The second major conclusion concerns the 
region z < 1 where we expect large contributions from nucléon inelastic 
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Q® - 2.5±0.1 GeV® 
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short dashes = S comp 
long dashes = D comp. 
Fig. 16: The quasi-elastic structure function calculated with the RSC wave-
function and H/BZ nucléon form factors at = 2.5 GeV^. The 
short dashes represent the S-state component; the long dashes rep­
resent the D-state component; and the solid line stands for the total 
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Fig. 17: The quasi-elastic structure function calculated with the RSC wave-
function and H/BZ nucléon form factors at Q' = 4.0 GeV. The 
short dashes represent the S-state component; the long dashes rep­
resent the D-state component; and the solid line stands for the total 
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Fig. 18: The quasi-elastic structure function calculated with the RSC wave-
function and H/BZ nucléon form factors at = 8.0 GeV^. The 
short dashes represent the S-state component; the long dashes rep­
resent the D-state component; and the solid line stands for the total 
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Fig. 19: The quasi-elastic structure function calculated with the Bonn wave-
function and H/BZ nucléon form factors at = 2.5 GeV. The 
short dashes represent the S-state component; the long dashes rep­
resent the D-state component; and the solid line stands for the total 
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Fig. 20: The quasi-elastic structure function calculated with the Bonn wave-
function and H/BZ nucléon form factors at Q' = 4.0 GeV^. The 
short dashes represent the S-state component; the long dashes rep­
resent the D-state component; and the solid line stands for the total 
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Fig. 21: The quasi-elastic structure function calculated with the Bonn wave-
Ainction and H/BZ nucléon form factors at = 8.0 GeV^. The 
short dashes represent the S-state component; the long dashes rep­
resent the D-state component; and the solid line stands for the total 
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* 
processes. These inelastic contributions show an approximate scaling (inde­
pendence of at fixed x) and hence become more important with increasing 
relative to the quasi-elastic nucléon knockout process which is decreasing 
with nucléon form factor faUofF. This is clearly seen in the data for UW2 
where there is an approximate independence of Q' at x = 0.75 whereas the 
quasi-elastic peak at z = 1 decreases by about a factor of 25 as Q' increases 
from 2.5 to 8.0 GeV^. The behavior of the quasi-elastic peak and the entire 
2 > 1 data has been extensively studied in terms of y-scaling^^*'**''. The 
trend in the calculated curves from Q' = 2.5 to 8.0 GeV^ indicates the data 
are approaching a region where Bjorken scaling should set in and, hence, 
y-scaling which indicates dependence solely on nucléon kinematics should 
become invalid. The onset of z-scaling for x > 1 is about the same for the 
RSG and Bonn wavefunctions. 
The sensitivity to deuteron wavefunction for x > 1.25 is clearly seen 
by comparing the results in Figs. 16-21. The Bonn wavefunction signifi­
cantly underpredicts the data while the RSC does reasonably well in this 
kinematic region. Furthermore, we depict the individual S-state and D-state 
contributions to UW2 to demonstrate that, in all cases shown, it is the D-state 
contribution which dominates for x > 1.25. The better agreement with = 
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2.5 and 4.0 GéV^ data obtained with RSC is clearly due to its enhanced 
D-state momentum components in the range 0.25 < k < 0.75 GeV which 
were described earlier in this chapter. 
In view of the fact that recent efforts''*'^ have accumulated an array 
of results for low energy properties of nuclei which favor the Bonn potential 
over RSC we should be cautious in drawing contrary conclusions from these 
limited results. In the narrow range 2.5 <Q'< 4.0 GeV where data in the 
large x region test the intermediate momentum components, the data have 
a more rapid fall off than the RSC model results. Data at Q' = 8.0 GeV 
and at high x would be of great help in seeing if this trend continues. 
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m. INELASTIC STRUCTURE FUNCTION 
As seen 6om Figs. 16-21, in the s < 1 region, the quasi-elastic proc­
ess dramatically underpredicts the inclusive electron scattering data. To 
understand this region 1 now investigate how the nucléon inelastic process 
contributes to the inclusive scattering cross section. I will examine the follow­
ing three modds of the free nucléon inelastic structure functions: Bur as and 
Gaemers Abbott, Atwood and Bamett (AAB)"; Duke and Owens 
(DOI, DOII)". Significant differences among these models are obtained in 
the low to moderate region. Since the nucléons I am considering are 
bound in the deuteron, the effect due to Fermi motion, the nuclear smearing 
effect''*^, has to be taken into account. The contributions from this inelas­
tic process lead to production of pions in the final states and hence will be 
added incoherently to the results from the previous chapter. These combined 
results will be compared with data in the present chapter. 
Within the framework of the nonperturbative parton model, as briefly 
described in Chapter I, the inclusive cross section is viewed as the inco­
herent sum of the elastic scattering from each pointlike constituent quark in 
the nucléon. In an infinite momentum frame the x variable is the momentum 
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fraction carried by the struck quark in the nucléon. When one neglects the 
quark mass and the transverse momentum then the structure function t/Wa 
of a free nudeon can be written as'^ 
uW2(u, Q') -*• Fa(x) = £ e? as (3.1) 
where e< is the charge carried by the tth constituent quark; /{is the proba­
bility of finding the tth quark with the fraction x of the total nudeon mo­
mentum. To apply to practical calculations we have to see how these fi are 
parameterized. 
Since the scaling violations (i/ffa depends on both x and Q') were ob­
served in the deep indastic nudeon data, and also predicted by the asymp­
totically free gauge theories (ASFT)^', the distribution functions xfi should, 
in general, depend on both x and BG decomposed the total distribu­
tions into xVu (xKt), up (down) valence quark distribution; xS, noncharmed 
sea distribution; zG, gluon distribution; and zC, charmed sea distribution. 
BG conducted detailed fits to data to determine the «-dependence of these 
distributions and relied upon the ASFT predictions for the dependence 
of the moments of the quark distributions. An overall consistent description 
of the available data was obtained. In a simple parton modd without ASFT 
effects all the distribution functions are only functions of x. The standard 
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parameterizations are given in the literature^ as 
zVi{x) = * = 3 or 8 
x5(s) = i4s(l —®)*" 
xG{x) = Aa{l — zy° 
xC{x) — 0, (3.2) 
with ids,8, As, Aa, %1(3,8), 1/2(3,8), % being constants; % = %, + % 
and Vz = Va — Vi. The procedure to obtain the Q* dependent distributions 
based on ASFT is to find the «-distributions from the data at a low Q' = Ql 
value, then use the results as boundary conditions to renormalization group 
equations (or moment sum rules) whose solutions will give the distributions 
for all Ç' > Ql. The BG results with Ql = 1.8 GeV^ are summarized below. 
1) Valence distributions: 
with A = 0.3 GeV which characterizes the strength of scaling violations found 
Beta{riZ{a), 1 + i;4(a)) 
rr / T T  /  2 
(3.3) 
where 
(3.5) 
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from the data. The 17*8 are pven as follows: 
171(3) = 0.70 — l.lGa 
il2{a) = 2.60 + 5.0Cr« 
173(4) = 0.85 — 1.56A 
174(a) = 3.35 + 5,lG«, (3.6) 
with G = 4/25 corresponding to 4 quark flavors. And the Beta{ , ) stands 
for the Euler's beta function. 
2) Sea and gluon distributions: 
xS(x,Q') = Ps(»s - 1)(1 - x)**-' 
xC(®,Q») = Pc(xo - 1)(1 - x)'"-' 
xG(xyQ') = Pa(xa - 1)(1 - x)'<'-', (3.7) 
Here 
P, = (g(Q%, q=S,C or G (3.8) 
is the momentum fraction carried by the quark or gluon (g= S,C or G) and 
is the inverse of the corresponding average value of x, with 
(9(Q'))nS rfa®"-*9(«,Q'), n>2 (3.10) 
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denotes the nth moment of the quark or gluon distribution. Meanwhile, these 
moments of the quark (gluon) distributions are given as^^ 
{S{Q')U = !»»(«') + 
where 
(3.11) 
MQ') 
BniQ') 
(5(Q3))nexp(-7"«) 
[(1 - «n)(9®(Q2)>n - ^n(G(Q3)>m] exp(-7+«) 
+ [an(9^(Ço))i» +/?n(G(Ç2))„] exp(-7-«) 
-{^(Qo)>n«p(-7**«), (3.12) 
and 
(G(Q'))„ = a. exp(-7+«) 
+(1 - a,) [(G(<?5)). + ^(«»(<3J)) J exp(-T;.).(3.13) 
Here {q^{Qo))n = («S'(<?o))n + (%(Qo))m, with a similar definition for the 
moments of the V$ distribution as Equation (3.10). The parameters a, /?, 7's 
and (ç(QÔ))'8 are given in Table 8. Finally, the nudeon structure functions 
are obtained 
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Table 8: The values of the parameters used in B6 in­
elastic nucléon structure function (with Ql = 
1.8GeV'jA = 0.3GeV) 
n 2 3 
i 0.427 0.667 
7+ 0.747 1.386 
7- 0 0.609 
a 0.429 0.925 
0.429 0.288 
0.110 0.009167 
{GiQl)) 0.402 0.0335 
(VsiQl)) 0.488 0.157 
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(3.14) 
where the and " signs are chosen for the proton and neutron structure 
functions, respectively. * 
The AAB parameterization has a diiferent approach. They ignored 
the effects of strange and charmed quarks, and then decomposed the total 
distribution of the quark in a nucléon into sin^et Ff and nonsinglet 
distributions in addition to the gluon distribution xCr, in which 
Ff = z [u(z) + û(x) + <i(z) + J(x)] (3.15) 
F^^ = + J(®)], (3.16) 
with the xu (xû) and xd (xj) denote the up (anti-up) and down (anti-down) 
quark distributions, respectively. Therefore, the proton and neutron inelastic 
structure functions can be written as 
' + gfT (3.17) 
"W? = gff - IfT, (3.18) 
which correspond to the first two terms in the BG form given in Equation 
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(3.14). AAB paiameterized the distribution functions at a Qq  = 30.5 GeV 
so that the Altarelli-Parisi QCD evolution equations^' can be conveniently 
solved for the leading-twist contribution to Fj in the lowest order at any Q' 
value. The sensitivity to the value chosen was low in their analysis. The 
initial distributions aie then pven as 
= ©.«"•(I-»)®' (3.19) 
= ©««"•(I-»)"* (3.20) 
»G(»,ÇÎ) = 41 - (3.21) 
where A is fixed by the momentum sum rule 
£dx{Fi + xG) = l (3.22) 
With Ci = 0.591, C2 = 0.853, C3 = 2.68, C4 = 1.85, C, = 1.004, C# = 
3.14 and A = 0.628 GeV good fits to the data are obtained for > 
5 GeV^. A cut in the hadronic final state mass, or missing mass, W > 2 GeV 
was also used to eliminate resonance and elastic scattering contributions. 
On the other hand, by assuming the extreme case, A » 0, all the scaling 
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violation {Q^ dependence) comes from the higher-twist effects. The fits based 
on the dependence arising solely from higher-twist terms provides a similar 
quality of fit to the F3 data for > S GeV and JV > 2 GeV. This fit is 
given by 
(3.24) 
V j 
= 1.2(1 + 4.7.)(1 - [1 - + Jïr^çï] • ('•«) 
There is a concern raised at this point. The Q' > S GeV criterion 
cuts out all the available data with laboratory scattering angle less than 10". 
The accuracy of extracting Fj is hence very skeptical due to the possible 
contributions of Wi in the data. Meanwhile, the contributions either from the 
leading-twist (with QCD) or from the higher-twist effect are still ambiguous 
as each of them alone fits the data equally well in the region of > 5 GeV^, 
By comparing the structure functions as a function of ai x = 0.1, 
0.4 and 0.7 in Figs. 22-24, we can see that there are of the order of 10 % 
differences for Q' > é GeV^. Substantial differences between BG and AAB 
occur in the range of Q' < 5 GeV^. Since the data I am analyzing are in the 
range of 2.5-8.0 GeV, a region where BG have concentrated on obtaining 
a good fit, the AAB parameterization will not be used in my deuterium 
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Fig. 22: The comparison of inelastic structure functions parametererized by 
BG with AAB at a; = 0.1 and with running up to 20 GeV^. The 
BG parameterization starts from 1.8 GeV, while the AAB fits 
data from 5 GeV^. The solid and dotdashed lines are the BG and 
AAB proton structure functions, respectively. The dashed and dot 
lines are the BG and AAB deuteron structure functions, respec­
tively. 
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Fig. 23: The comparison of inelastic structure functions parameterized by 
BG with AAB at x = 0.4 and with running up to 20 GeV^. The 
BG parameterization starts from 1.8 GeV, while the AAB fits 
data from 5 GeV^. The solid and dotdashed lines are the BG and 
AAB proton structure functions, respectively. The dashed and dot 
lines are the BG and AAB deuteron structure functions, respec­
tively. 
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Fig. 24: The comparison of inelastic structure functions parameterized by 
BG with AAB at x — 0.7 and with ruiming up to 20 GeV^. The 
BG parameterization starts from 1.8 GeV, while the AAB fits 
data from 5 GeV^. The solid and dotdashed lines are the BG and 
AAB proton structure functions, respectively. The dashed and dot 
lines are the BG and AAB deuteron structure functions, respec­
tively. 
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calculations. However, for future work in a higher region, say 5 <Q^ < 
20 GeV'j I would prefer the AAB parameterization since it appears to provide 
higher quality fits in this repon^'. 
The Duke and Owens (DO I and II) approach is similar to AAB, which 
is referred as direct analysis, in contrast to moment analysis adopted by BG. 
Unlike AAB, however, DO decomposed the total distributions in a way more 
similar to BG—valence distribution x{uv-\-dv) and x<2v, noncharmed sea zS^ 
charmed sea xC and gluon xG distributions. Their analysis is performed by 
directly integrating the Altarelli-Parisi equations numerically^', and then, for 
convenient application, parameterizing the results with simple Q' dependent 
functions of the variable s defined by Equation (3.5). The two fits, DOI 
and DOII, differ mainly in the initial gluon distribution xCr(x, Ql) at Ql = 
AGeV^y and hence in the value of the parameter A. Their parameterizations 
are summarized below. 
1) Valence distributions: 
x{uv + dv) = Nud x''*(l - ®)'''(1 + tudx) (3.26) 
x{dv) = A-i®'^(l-a)'^(l + 7d®), (3.27) 
where 
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N^td = 3 Beta(jily 1 +1/2) + 
Ni = 1 Beta{ri3,1 +1;4) [ 1 + 
1+173 + 1/4 
1+171 + 1/2 
fdV^ 
ludVl (3.28) 
(3.29) 
The constants i/'s and 7's, quadratic functions of a, are listed in Table 9. I 
use the convention that Tables 9 and 10 quote the coefficients of quadratic 
expansions. Thus, a table entry under a* is the coefficient of that term in the 
quadratic expansion for the indicated parameter 1/, 7 etc. 
2) Sea and gluon distributions are parameterized in a general form 
«g(®, Q') = il®"(l — ®)'(1 + a® + ^®' + 7®'), 9 = 5, C or G, (3.30) 
where the constants are also quadratic functions of s and given in Table 10. 
Another point worth mentioning is that the DO parameterizations have 
fitted a large set of high data. Thus the predictions they make should be 
useful over a wide range, Q' = 4 — 200 GeV^ or even beyond. In Figs. 
25-32,1 provide selected comparisons of individual distributions among DOI, 
DOII and BG. The valence distributions are usually similar to one another, 
while the sea and gluon distributions differ substantially, especially, at high 
and high ®. However these regions of the distributions are not so well 
understood since there are few data to fix their behavior. When more high 
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Table 9: The numerical values for the constants in the valence quark 
distributions of DOI (A = 0.2 GeV) and DOII (A = 0.4 
GeV). The conventions for the table entries are described in 
the text 
DOI DOII 
,0 ,1 ,0 ,1 3» 
1?! 0.419 0.004 -0.007 0.374 0.014 0 
ri2 3.46 0.724 -0.066 3.33 0.753 -0.076 
Hud 4.40 -4.86 1.33 6.03 -6.22 1.56 
Jl3 0.763 -0.237 0.026 0.761 -0.232 0.023 
174 4.00 0.627 -0.019 3.83 0.627 -0.019 
Kd 0.0 -0.421 0.033 0.0 -0.418 0.036 
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Table 10: The numerical values for the constants in sea quarks and gluon 
distributions of DOI (A = 0.2 GeV) and DOII (A = 0.4 GeV). 
The conventions for the table entries are described in the text 
DOI DOII 
,0 ,1 a' ,0 ,1 
5 1.265 -1.132 0.293 1.67 -1.92 0.582 
A C 0.00 0.135 -0.075 0.00 0.067 -0.031 
G 1.56 -1.71 0.638 0.879 -0.971 0.434 
S 0.00 -0.372 —0.029 0.00 -0.273 -0.164 
a C —0.036 -0.222 —0.058 -0.12 -0.233 -0.023 
G 0.00 -0.949 0.326 0.00 -1.16 0.476 
S 8.05 1.59 -0.153 9.15 0.53 -0.763 
b C 6.35 3.26 —0.909 3.51 3.66 -0.453 
G 6.00 1.44 -1.05 4.00 1.23 -0.254 
S 0.00 6.31 -0.273 0.00 15.7 —2.83 
a C 0.00 —3.03 1.50 0.00 -0.474 0.358 
G 9.00 -7.19 0.255 9.00 -5.64 -0.817 
S 0.00 -10.5 -3.17 0.00 -101.0 44.7 
P C 0.00 17.4 -11.3 0.00 9.50 —5.43 
G 0.00 -16.5 10.9 0.00 -7.54 5.50 
S 0.00 14.7 9.80 0.00 223.0 -117.0 
7 C 0.00 -17.9 15.6 0.00 -16.6 15.5 
G 0.00 15.3 -10.1 0.00 —0.596 0.126 
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Fig. 25: The valence quark momentum distributions in the nucléon as a 
function of z calculated with DOI, DOII and BG parameteriza-
tions at Q' = 4 GeV. The dashed and dot lines represent DOI 
and DOII, respectively, while the solid line stands for BG 
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Fig. 26: The valence quark momentum distributions in the nucléon as a 
function of x calculated with DOI, DOII and BG parameteriza-
tions at = 100 GeV. The dashed and dot lines represent DOI 
and DOII, respectively, while the solid line stands for BG 
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Fig. 27: The noncharmed sea quark momentum distributions in the nucléon 
as a function of x calculated with DOI, DOII and BG paiameteriza-
tions at Q' = 4 GeV^. The dashed and dot lines represent DOI and 
DOII, respectively, while the solid line stands for BG 
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Fig. 28: The noncharmed sea quark momentum distributions in the nudeon 
as a function of x calculated with DOI, DOII and BG parameteriza-
tions at Q' = 100 GeV'. The dashed and dot lines represent DOI 
and DOII, respectively, while the solid line stands for BG 
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Fig. 29: The charmed quark momentum distributions in the nucléon as a 
function of x calculated with DOI, DOII and BG parameterizations 
at — AGeV^. The solid line stands for BG; Both DOI and DOII 
results are too small to show at this value 
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Fig. 30: The charmed quark momentum distributions in the nudeon as a 
function of z calculated with DOI, DOII and BG parameterizations 
at = 100 GeV^. The dashed and dot lines represent DOI and 
DOII, respectively, while the solid line stands for BG 
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Fig. .31: The gluon momentum distributions in the nucléon as a function 
of X calculated with DOI, DOII and BG parameterizations at Q' 
= 4 GeV. The dashed and dot lines represent DOI and DOII, 
respectively, while the solid line stands for BG 
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The gluon momentum distributions in the nucléon as a function 
of z calculated with DOI, DOII and BG parameterizations at 
= 100 GeV^. The dashed and dot lines represent DOI and DOII, 
respectively, while the solid line stands for BG 
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quality deuterium data with > %GeV^ data become available, the DO 
and AAB models will require further study. For the time being, since the 
data are available only at < 8 Ge V, I will use the BG parameterization 
for my deuterium calculations. 
We now turn our attention back to the nucléon embedded in deuterium. 
Since the nucléon is no longer free, the nucléon inelastic structure functions 
cannot be directly used. Two modifications are adopted in my study. First, 
the conventional nuclear smearing process"*^ is evaluated. Second, the 
Nachtmann variable^' ( is used to replace the Bjorken variable x in order 
to accommodate effects of scaling violations. The Bjorken limit {Q^ -* oo, 
1/ —» oo and Q^jv = finite) is not approached well enough in the kine­
matic region considered. Therefore, the more generalized scaling variable, 
the Nachtmann quark variable^' defined by 
should be taken in place of the variable x. When the Bjorken limit is achieved 
The smearing process is accomplished by folding the free nucléon in­
elastic structure function with the nucleon's momentum distribution n{k) 
in the deuteron. The expression for the smeared nucléon structure functions 
2x (3.31) 
(f' > Ç' > to'), ( 
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was obtained within this framework as follows^ 
= J l°° hdhn(.k)Mk,,',<)'), (3.32) 
where 
+g(l - f') 
with 
P — Wlî l> (3.35) 
E — wid — Eky (3.36) 
Ek = Vk^ + ni». (3.37) 
The notations used here are consistent with those defined earlier in Chapter 
II. Also note that the k is the magnitude of the, 3 momentum k. 
The calculations I perform here proceed by varying x from 0 to 2 for 
a fixed Q^, finding the corresponding (, then using the BG nucléon inelastic 
structure functions, Equation (3.14), with x replaced by ( in Equation (3.33), 
and finally, substituting either the RSC or Bonn momentum distribution of 
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the nucléon in the deuteion, n(A), and Equation (3.33) into Equation (3.32). 
The résulta from the above procedures for the smeared inelastic structure 
function are then added incoherently to the quasi-elastic contribution from 
the previous chapter. These results are presented along with the data in 
Figs. 33-44. The inelastic contributions do not contribute more than 30 % 
in the x > 1 region until reaches 8 Ge V for any choice of deuteron 
wavefunctions or nucléon form factors that I have examined. On the other 
hand, in the x < 1 range, the nucléon inelastic process dominates. All curves 
show a similar quality of agreement with the data in this x < 1 region. 
In the X > 1.5 repon, however, RSC and Bonn give quite different results 
in concert with their differing properties as already described in Chapter 
II. In particular, the weaker tensor correlations in the Bonn wavefunction 
continue to provide an inelastic structure function well below available data 
when X > 1.5. On the other hand the RSC results agree fairly well with the 
available data. Since the Bonn potential is the most recent N-N interaction 
and since it is based on a major implementation of the meson exchange theory 
of this interaction, I consider the question of whether exotic effects outside 
the scope of the Bonn potential could resolve the remaining discrepancies 
with the data. This is the subject of the next chapter. 
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Fig. 33: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at Q' = 2.5 GeV. The RSC 
wavefunction and H/BZ form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 34: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 2.5 GeV. The RSC 
wavefunction and GK form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 35: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 4.0 GeV^. The RSC 
wavefunction and H/BZ form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 36: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 4.0 GeV^. The RSC 
wavefunction and GK form factors are used here. The dotdashed 
line stands for the smeared inelastic nucleon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 37: The total conventional nudeai physics contribution to the inclusive 
inelastic deuteron structure function at = 8.0 GeV^. The RSC 
wavefunction and H/BZ form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 38: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 8.0 GeV^. The RSC 
wavefunction and GK form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 39: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at Q' = 2.5 GeV. The Bonn 
wavefunction and H/BZ form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 40: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 2.5 GeV^. The Bonn 
wavefunctioni and GK form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 41: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 4.0 GeV. The Bonn 
wavefunction and H/BZ form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 42: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at Q' = 4.0 GeV. The Bonn 
wavrfunction and GK form factors are used here. The dotdashed 
line stands for the smeared inelastic nudeon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 43: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at Q' = 8.0 GeV. The Bonn 
wavefunction and H/BZ form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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Fig. 44: The total conventional nuclear physics contribution to the inclusive 
inelastic deuteron structure function at = 8.0 GeV^. The Bonn 
wavefunction and GK form factors are used here. The dotdashed 
line stands for the smeared inelastic nucléon structure function. 
The short and long dashed lines represent the S-state and D-state 
quasi-elastic contributions, respectively. The solid line is the sum 
of all the components mentioned above 
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IV. QUARK CLUSTER MODEL 
Since ^He deep inelastic scattering (DIS) data^ became available, a 
careful analysis of these data based on the conventional nuclear physics (only 
nucleonic degree of freedom considered), has been made^*. The result turned 
out to be a failure to account for these DIS data. Meanwhile, the European 
Muon Collaboration (EMC) has measured apparent differences of nucléon 
structure functions in iron and deuterium, known as the EMC effect^. The 
conventional nuclear physics would predict unity for the ratio of the per-
nudeon structure functions of iron to deuterium, but the EMC data show 
that the ratio is enhanced for x < 0.3 and for x > 0.8, while it dips below 1 
for 0.3 < z < 0.8. The phenomenological Quark Cluster Model (QCM)^^»^' 
was used to improve the ^He analysis and is also capable of explaining the 
EMC effect*®. 
The main assumptions of the QCM may be summarized for describing 
DIS from a nucleus. 
1. A photon absorbed by a nucleus at high Q' is absorbed by a quark 
through a quasi-free process when viewed in the infinite momentum 
frame. 
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2. The quark is a constituent of a quasi-free color singlet cluster in the 
nucleus. 
3. A 3-quark (3-q) cluster (nudeon) is assigned a critical radius Rc> Clus­
ters with t = 6, 9, 12,3A quarks are defined by the number of 3-q 
clusters joined by links of length <2 Re-
The critical radius Rc is taken as a free parameter and adjusted to fit 
data. If Rc = 0 pves the best fits to the data, then no quark clusters other 
nucléons are formed, and the conventional nuclear physics survives. On the 
other hand, if Ro is big, say 1.5/m, the nucleus has a high probability of 
being found in the 3^-q cluster configuration. Rc was found to be 0.50 ± 
0.05/m from fitting the ^He data^^. In what follows I show that I need 
Rc = 0.49 fm to acquire a 5 % 6-q cluster configuration in addition to a 95 
% 3-q cluster configuration in deuterium with Bonn wavefunctions in order 
to describe the DIS deuterium data. 
The model is easily visualized in the Breit frame defined by requiring 
the quark which absorbs the photon have longitudinal momentum +& before 
and —k after the interaction. Therefore, the 4-momentum of the virtual 
photon in this frame is = (0,0x,—2fc), and = 4&*. If the initial target 
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4-momentum is — (£7p,0xiP) in the same frame, then 
2P^^ = 2P{—2k) = —2Amv. (4.1) 
As a result 
(4.2) 
with z — Q^/2mUj m being the nudeon mass. Thus, x/A is the fraction of 
the total nuclear momentum P carried by the struck quark. The inelastic 
nuclear structure function hence can be written, according to the parton 
model, as 
where we sum over all quarks in the nucleus, Cj is the charge on the quark 
3 y and Vj is the probability of finding quark j carrying fraction x/A of the 
total nuclear momentum P. If we assume a properly weighted average of up 
and down quark distributions, 7)(a;), we can write 
(4.4) 
quarks j 
According to the model assumptions^* the quarks are found in an i-quark 
cluster (« = 3, 6,..., 3A) within the nucleus with probability pi so that 
quarks j 
(4.3) 
P(z)= S AA(z), (4.5) 
clusters i 
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where is the x distribution of quarks from an t-q cluster in the nucleus. 
Therefore, 
(«•«) 
i=i ^ 
or 
. A . (4.') 
where the different t/Wa's occurring in Equation (4.7) have been defined in the 
preceding two chapters. The "6 q structure function" with the modification 
of replacing z by ( is argued*^'^ to be 
(4.») 
where 
Now we concentrate on the deuteron case, where 
ft = (fr [tt'(r) + w'(r)] (4.10) 
ft = rfr [tt'(r) + ti>'(r)]. (4.11) 
With the Bonn wavefunction I calculated Rc values that yield percentages 
from 1 to 10 for the 6-q probability ft and list the results in Table 11. Note 
that ft + ft = 1 according to the normalization of the wavefunction as they 
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should be. The coxiesponding RSC results have been acquired and quoted in 
Ref. 42. By choosing jp# == 59% (y* == 95%), good fits to the inclusive inelastic 
data ate obtained in the high x -* 2 repon at = 2.5 and 4 GeV^. For 
== 8 GeV^ there are no data available in this high z area. These results 
are shown in Figs. 45-47 where the GK nucléon form factors have been used. 
No significant (UfFerence should be noticeable between the two choices of 
form factors H/BZ and GK in view of the comparisons shown in Figs. 33-44. 
Therefore, the results with H/BZ form factors are not presented here. 
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Table 11; The values of Rc for different % probabilities 
with the Bonn deuteron wavefunction 
Rc ?» ft (/"») (%) (%) 
0.3021 1 99 
0.3736 2 98 
0.4207 3 97 
0.4579 4 96 
0.4896 5 95 
0.5000 5.355 94.645 
0.5178 6 94 
0.5436 7 93 
0.5676 8 92 
0.5903 9 91 
0.6119 10 90 
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Q" = 2.5±0.1 GeV* 
BONN WF; GK FF 
dot = Q_el 
dash = smr(f) 
dotdash = 6QC(5%) 
solid = Total 
Fig. 45: The total deuteron inelastic structure function as a function of x 
at Q' = 2.5 GeV (solid), which includes 95% of conventional nu­
clear physics contribution and 5% of 6-quark cluster contribution. 
The Bonn wavefunction and GK form factors are used here. The 
dotdashed line stands for the 5% 6-quark cluster contribution. The 
dot and dashed lines represent the quasi-elastic and inelastic contri­
butions, respectively 
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X 
Fig. 46: The total deuteion inelastic stiuctuie function as a function of x 
at Q' = 4.0 GeV (solid), which includes 95% of conventional nu­
clear physics contribution and 5% of 6-quark cluster contribution. 
The Bonn wavefiinction and GK form factors are used here. The 
dotdashed line stands for the 5% 6-quark cluster contribution. The 
dot and dashed lines represent the quasi-elastic and inelastic contri­
butions, respectively 
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Fig. 47: The total deuteron inelastic structure function as a function of x 
at = 8.0 GeV^ (solid), which includes 95% of conventional nu­
clear physics contribution and 5% of 6-quark cluster contribution. 
The Bonn wavefiinction and GK form factors axe used here. The 
dotdashed line stands for the 5% 6-quark cluster contribution. The 
dot and dashed lines represent the quasi-elastic and inelastic contri­
butions, respectively 
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V. CONCLUSION 
The major effort of this work was concentrated on investigating the 
quark structure of the nucleus. The deuteron is the simplest nucleus to 
study for many-body effects on the quark behavior. Some important prop­
erties of deuterium, such as weak binding energy and low average density, 
provide simplicity so that the theoretical analyses can be more complete and 
efficient than for heavier systems. In many respects it can be considered 
as the essential starting point for such an understanding. Because of the 
simple features that the deuterium system has, the nonrelativistic models of 
nuclear structure with assumptions of a plane wave impulse approximation 
and ignoring the final state interactions (FSI) should be able to provide a 
relatively accurate description of the inclusive inelastic data. Under such 
circumstances I aimed to determine the extent to which the currently avail­
able inclusive data admit the possibility of 6-quark cluster contributions. I 
conclude that a 5 % contribution from 6-quark clusters is necessary. 
To carry out this investigation I carefully examined the realistic nuclear 
models for deuterium in order to obtain descriptions of the data with a con­
ventional approach. Additional effort was needed to examine the quality of 
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available nucléon form factors. After some careful studies I found that the 
Gari and Krûmpelmann's parameterization (GK)^' of nudeon form factors 
is the best, although the combination of the Hohler proton form factor^^'^' 
and the Blatnik and Zovko neutron form factor'" (H/BZ) served the purpose 
equally well in the kinematic region where data were obtained. As data at 
higher Q' and higher x become available in the future one can expect the 
GK to outperform the H/BZ in that area! 
The Reid soft core potential (RSC)* was preferred for many years. 
However, the failure of RSC to accurately give the ^H binding energy is in­
dicative of the outstanding problems with the potential. Most recently the 
Bonn model of the nucleon-nucleon (N-N) potential' substantially reduces 
the tensor correlations and increases the central short range correlations com­
pared with RSC, while also providing a good binding energy of the triton''*'^, 
and preserving the deuteron properties. The conclusion I reach is that even 
though the conventional approach with RSC wavefunctions agrees with the 
data reasonably well [Figs. 33-36], the Bonn interaction which is believed to 
work better for a wider spectrum of nuclear properties allows the six-quark 
(6-q) cluster based on the Quark Cluster Model (QCM) to play an essential 
role in describing the deuterium data [Figs. 45-47]. 
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On the the other hand, the nucléon inelastic structure function uIVq is 
also important, especially in the x ;$ 1 region. Three models were compared: 
the Buras and Gaemers (BG)'\ Abbott, Atwood and Bamett (AAB)", and 
Duke and Owens (DOI, II)** parameterizations. The reason for choosing BG 
in my calculation is not because it is the best overall model, but because it 
fits the nucléon inelastic data better in the kinematic repon Q' = 2.5 to 8 
GeV where the deuteron data are analyzed. When high quality deuterium 
data become available at Q* > 8 GeV^ in the future, the AAB and both DO 
parameterizations or any new model should be considered seriously. 
Finally, in order to describe the deuteron deep inelastic scattering (DIS) 
data, I require a critical radius Mc of 0.49 fm which results in a 5 % prob­
ability of the 6-q cluster configuration with a 95% probability of the 3-q 
cluster configuration. This value of Jio is consistent with results from earlier 
analyses of the ^He data^^. 
The major improvement in the confidence of the value of Rc arises 
because it has now been obtained from a simpler nucleus where the theoretical 
approach is on more firm ground and the available data extend to a higher 
range in 
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